455 multiparous Holstein cows were enrolled from -21 to 121 DIM. Cows were group-fed either a control TMR diet (n=228) consisting primarily of corn silage and rolled corn (44:56, F:C) or the control diet (n=227) with 15 g/d of AO. In experiment 1, cows fed AO had increased (P<0.05) milk production compared to controls (37.7 vs 34.6 kg/d). Milk composition, dry matter intake (DMI), BW and BW loss both prepartum and postpartum did not differ (P>0.10) between treatments. Cows fed AO tended to have decreased plasma NEFA levels (14%, P<0.10), but plasma glucose concentration did not differ (P=0.89). In experiment 2, cows fed AO had decreased milk yield (43.0 vs 43.8; P<0.05), and increased milk fat content (3.50 vs.
3.38%; P<0.01) but similar quantities of 3.5% fat corrected milk (42.5 vs. 42.7 kg/d; P>0.10). 
Introduction
The transition period is a critical time in which homeorhetic adaptation needs to be precisely coordinated with nutrient supply in order to achieve the cow's full milk production potential and avoid metabolic disorders. How well dairy cows transition to galactopoiesis has long-term impacts on the whole lactation, ultimately affecting productivity and profitability (Drackley 1999) . Currently, increasing the diet's energy density with concentrate and dietary fat in order to support milk production is common practice (Schingoethe and Casper 1991; Hayirli and Grummer 2004) . However, this dietary strategy can be associated with potential drawbacks including increased ruminal acidosis risk (Drackley 1999) . Thus, there is an incentive to design management and nutritional strategies that support maximal milk production while minimizing the incidence of metabolic disorders during early lactation.
Despite its low energy and nutrient density, there are physiological (e.g. improved ruminal health) and economic (e.g. grain prices) reasons for increasing the percentage of forage in lactating cows' diets. However, if higher forages based diets are to be realized, then increasing the rate and extent of fiber digestion is critical in order to meet the energetic requirements of copious milk production. Dietary fungal products can enhance rumen fermentation and alter ruminal digestive processes (Newbold 1996) , thus they may improve animal health and energy status in early lactation (AlZahal et al. 2014) . For instance, Aspergillus oryzae (AO) has been shown to stimulate fiber digestion both in vivo (Gomez-Alarcon et al. 1991) and in vitro (Fondevila et al. 1990; Varel et al. 1993; Beharka and Nagaraja 1993) (Nisbet and Martin 1990; Waldrip and Martin 1993; Higginbotham et al. 2004) ; conditions which provide a more favorable environment for selected bacteria and anaerobic fungi (Wiedmeier et al. 1987; Frumholtz et al. 1989; Fondevila et al. 1990; Oellermann et al. 1990; Newbold et al. 1991) . Depleting the rumen of anaerobic fungi results in reduced fiber digestion and depressed feed intake (Elliott et al. 1987; Gordon and Phillips 1993) , underscoring anaerobic fungi's importance to rumen metabolism. In this respect, AO is thought to stimulate the anaerobic fungi Neocallimastix frontalis EB 188 proliferation and fibrolytic activity.
Specifically, when exposed to AO, Neocallimastix frontalis EB 188 increased and accelerated zoospore production, enhanced rhizoid development, and increased the secretion rate of ß-glucosidase and carboxymethyl cellulase (Chang et al. 1999; Schmidt et al. 2004) . Therefore, study objectives were to determine the effects of feeding a high dose of AO to transition dairy cows on performance and health.
Material and methods

Cows, diets and experimental design
All live-phase aspects of the experiment were approved by the University of Arizona Institutional Animal Care and Use Committee. Two experiments were conducted in order to examine Aspergillus oryzae fermentation product (AO; Amaferm ® ; BioZyme Inc., St. Joseph, MO) effects on productive variables in transition dairy cows.
In experiment 1, Holstein cows (n = 33, [22 multiparous and 11 primiparous]) were assigned to receive a control diet or the control diet supplemented with a fiber digesting enhancer validated for use in our laboratory (NEFA C kit; Wako Chemicals USA, Richmond, VA, Lot # 21P2-1; Autokit Glucose C2; Wako Chemicals USA, Inc., Lot # TH214). The inter-and intraassay coefficients for the NEFA and glucose assay were 8.2 and 8.0, and 6.9 and 6.3 %, respectively.
In experiment 2, multiparous Holstein cows (n = 455) were assigned to receive either a control diet (n=228) or the control diet supplemented with AO (n=227) from ~21 d prior to predicted parturition date to 121 DIM. For treatment allocation, cows were balanced upon previous 305-d mature equivalent yield, which averaged 11,817 and 11,875 kg for controls and AO-treated cows, respectively. Average parity was 2.15 and 2.17 for control and AO-fed cows, respectively. Cows were penned by treatment (2 pens/ treatment; one for close-up cows and one for lactating cows) at the commercial dairy. Cows were fed ad libitum a TMR formulated to meet or exceed the predicted requirements (NRC 2001) of energy, protein, minerals and vitamins, primarily consisting of corn silage (Forage was roughly 50% CS and 50% alfalfa) and rolled corn in a 44:56 F:C (Table 2) . Cows were group-fed ad libitum twice daily and pen orts were recorded one hour prior to the subsequent feeding. AO (15 g/d) was mixed with a ground corn grain carrier and added to the TMR daily. The TMR was sampled and analyzed as in Experiment 1. Water was available at all times and dry matter intake was calculated for each pen daily. Milk yields and milk samples were recorded and collected once/week. Milk samples were handled and analyzed as in Experiment 1. Reproductive performance was assessed as days at first service, services per conception and days to conception; and animals were monitored for health problems throughout the study.
Calculations
In experiment 1, daily measurements (DMI and milk yield) were summarized into weakly means for statistical purposes. In addition, maximum BW loss was calculated as the difference between week 1 weight and the lowest BW between week 2 and 8 of lactation. For both experiments, fat corrected milk (3.5% FCM) and energy correct milk (ECM) were calculated as described by Tyrrell and Reid (1965) using the following equations:3.5% FCM = (0.432 x milk yield, kg) + (16.23 x milk fat yield, kg); ECM= 0.327 × milk yield (kg) +12.95 milk fat (kg) + 7.2 × milk protein (kg).
Statistical analysis
Data were analyzed as repeated measures by PROC MIXED procedure of SAS (2005) were included as a covariate in the analysis. Insignificant interactions were removed from the models. Single measurements (maximum BW loss, week of BW nadir, peak yield, health, and reproduction parameters) were analyzed with a straight anova. In experiment 2, statistical analysis was not conducted on DMI and feed efficiency due to the fact that there was only one pen per treatment in the pre-fresh and post-fresh period. Results are reported as least squares means and in all cases, differences among means were declared as significant at P<0.05, whereas trends were discussed at P<0.10, unless stated otherwise.
Results
Experiment 1
There was no overall effect of treatment (P>0.34) or treatment by week interaction (P>0.6; data not shown) on DMI prepartum (18.3 kg/d) or postpartum (39.7 kg/d) and this was independent of parity (Table 3) . However, primiparous cows had lower (P<0.05) DMI compared to multiparous (Figure 1 ). Maximum BW loss (51.9 kg) did not differ between treatments (P>0.6), but week of BW nadir tended (P<0.10) to be reduced in AO fed animals compared to controls (5.0 vs. 6.2 wk; Table 3 ). There were no interactions between parity and treatment on BW loss, but overall heifers lost less (P=0.05) BW than cows (31.8 vs. 71.8 kg; data not shown) and tended (P<0.10) to reach BW nadir earlier than cows (4.9 vs. 6.2 wk; data not shown). Feeding AO through the transition increased (P<0.05) overall milk yield (34.6 vs. 37.7 kg/d; Table 3 ). The overall treatment effect is largely attributed to the enhanced overall milk yield of cows (40.4 vs. kg/d). Peak yield was achieved earlier (P=0.05) in AO cows compared to control fed cows (3 vs 5-6wk; data not shown) and this resulted in a daily milk differential of more than 4.5 kg during weeks 3 and 4 of lactation (Figure 2 ). There were no overall effects of treatment on milk composition although there were weak trends for milk fat and lactose content to be increased (7%; P=0.14) and decreased (3%; P=0.12), respectively in AO treated animals (Table 3 ). There was no treatment effect (P>0.80) on plasma glucose concentrations (Table 3) (1.77 vs. 1.83, statistically not analyzed). AO inclusion increased overall milk fat content (3.6%; P<0.01), but had no effect on milk protein (2.98%), lactose (4.84%) or solids non-fat (8.74%) content nor milk somatic cell counts (260,000 cells/ml) (Table 4 ). AO had little or no effect on health related disorders or culling parameters. Similarly, there was no dietary affect detected in reproductive indices (Table 5 ).
Discussion
The effects of feeding AO at a rate of 15 g/d was examined in two distinct experiments, both conducted with Holstein cows in early lactation with two different diets. Experiment 1 indicates that adding AO in a 59:41 F:C ratio (primarily alfalfa hay based forage) improved milk production during the transition period. The increase in milk yield is bioenergetically difficult to explain as there were little or no differences in DMI and body fat mobilization appeared to be reduced in the AO-fed cows. Our intent in the second experiment was to confirm the effects of AO on production variables on a large commercial dairy. Based on the results of our second investigation, the inclusion of AO in a corn-silage based diet with a 44:56 F:C ration tended to lower milk production but increased milk fat (3.6%; P<0.01). Reasons for the discrepancies in milk production and performance between the two studies not clear, but could be related to plethora of variables (different years, location, management, etc.) that differed between them.
From a diet perspective, both the F:C ratios and basal forage (corn silage vs. alfalfa hay) fed differed. Perhaps the dynamics of ruminal digestion differed between the two diets, which might have affected performance responses to AO as has been previously speculated (Williams et al. 1991 ). However, Gomez-Alarcon et al. (1991) reported that AO increased milk production on a 40:60 F:C diet. In a 15-trial summary, Williams et al. (1990) reported that the responses to A. oryzae or S. cerevisiae varied from a 9% reduction to an almost 17% increase in milk yield and Reasons why AO appears to increase milk fat concentration is not clear, but potentially due to its buffering action in the rumen coupled with increased fiber digestion (Gomez-Alarcon et al.,
1991; Nocek and Jensen, 2009).
Reasons why AO did not affect DMI in Experiment 1 are not clear, but are of obvious practical and scientific interest. Plasma glucose and NEFA were measured to determine if AO had effects on tissue catabolism and/or metabolism. In Experiment 1, despite the increased milk yield without corresponding increase in feed intake, the plasma NEFA concentration did appear to decrease in response to AO supplementation during the postpartum period and this correlates well with the reduced weeks of BW nadir (Nocek et al. 2003) . This suggests that feeding AO may minimize the duration of negative energy balance (NEBAL) in early lactation (Nocek, 2006; Piva et al., 1993; Nocek and Jensen, 2009 ). Bioenergetically, the aforesaid changed variables are difficult to understand, but collectively maybe explained by an increase in forage digestibility. 
Conclusions
Results of these studies suggest AO's effectiveness is variable and the source of the inconsistency is not obvious. The exact reasons for the differences in the response could be a combination of several factors, including the diet. The overview of the two trials appear to suggest that F:C ratio and differences in the basal forage might change the manner in which early lactation cows partition energy when fed AO. Repeating an early lactation trial with different F:C ratios and basal forage difference while monitoring body weight, metabolic parameters as well as production certainly would be of practical interest. 
